The aim of this study was to test whether lesions of the medial meniscus (MM) and of the anterior cruciate ligament (ACL) are associated with specific abnormalities of isokinetic moment curves (IMCs). Fifty-four young adults (20 active healthy people, and 34 patients with unilateral knee injuries) were assessed through knee extensor and flexor isokinetic tests at 60°/s. Qualitative IMC analysis was performed using a novel classification system which identified three distinct abnormal shapes. The chi-squared (χ 2 ) test was used to determine the inter-individual and intra-individual differences between the groups. Quantitative IMC inter-group comparisons were performed by a one-way analysis of variance (ANOVA). Knees with MM and ACL lesions were consistently associated with IMC shape irregularities (p<0.001) and with abnormal quantitative scores (p<0.001). More specifically, knees with isolated ACL lesions and knees with combined ACL and MM lesions presented similar distribution of knee extensor and flexor IMC irregularities, which was not present in knees with isolated MM lesions. A possible association between specific knee pathologies and IMC irregularities was identified (all p<0.05). In conclusion, different knee pathologies may be associated with different qualitative IMCs, which could be used as an additional presentation tool in clinical settings. 
INTRODUCTION
Muscle strength testing has been identified to be of importance in clinical settings. An objective evaluation based on the best practice evidence can guide professionals in many medical contexts and throughout different clinical phases. Specifically, it could help in assessing whether medical clearance should be given for a full return to sport following an injury event. As an alternative it could assist in decision making concerned with rehabilitation programme planning, or to provide inputs for prevention strategies [1] [2] [3] [4] . Commonly used in daily practice, isokinetic dynamometry represents a reliable tool for muscle strength assessment [3] . This evaluation offers good prospects for inter-and intra-individual control of the kinetic capacity which is assessed by the measurement of peak torque [5] , total work and average power [2, 6] . In addition, isokinetic assessment, through the graphical representation of the isokinetic moment curve (IMC) patterns, provides a mean to inspect the subject's ability to produce a normal and smooth isokinetic torque curve of
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Experimental Design
Our study used an observational design with between-group comparisons to evaluate differences in quantitative measures and qualitative features of the IMC between injured subjects, with clinical diagnosis of knee injuries, and a matched counterpart represented by uninjured physically active subjects. Then, we evaluated the relationships between the profiles of the irregular patterns in the injured legs and specific knee lesions. All participants completed one laboratory setting assessment where maximal knee extension-flexion muscle torque of both legs was assessed by an isokinetic dynamometer; in addition, only the injured subjects were appointed for a standard clinical examination followed by an MRI scan with the final confirmation of the knee injury diagnosis made during the arthroscopic surgical procedure.
Participants
The study involved 54 male subjects divided into two matched groups: the injured group (n = 34; age 36 [7, 16] . Cross-correlation functions [17] , percent root mean square difference (%RMSD) [18] and frequency-domain analysis [16] have been used to complement the assessment of curve shape similarity and consequently identify differences between successive curves. However, in clinical contexts the sole reliance on quantitative scores may be disadvantageous, as it neglects curve characteristics that may contribute to the ability to differentiate between specific injuries. Previous qualitative evaluation methods so far have not provided a direct link between shape-related curve identification and specific pathologies, and thus relied exclusively on the subjective ability of clinicians. Therefore, there is a lack of objective evidence to determine the profile and the degree of irregularity with regard to the IMC. An accurate and accepted profile of these irregular patterns may help in improving the diagnostic accuracy of professionals currently based only on isokinetic strength outputs. Indeed, it is of clinical interest to investigate the connection between IMC and quantitative outcomes in knee injured subjects.
The purpose of the current study was therefore to test whether qualitative and quantitative features of the IMC can be associated with specific knee lesions related to the medial meniscus (MM) and the ACL. 
Procedures
Concentric unilateral maximal knee extension-flexion muscle torque of both legs was assessed by an isokinetic dynamometer (Biodex system 3, Biodex Medical Systems Inc., Shirley, NY, USA). Prior to testing, participants performed a standardized 5-minute warm-up on a cycloergometer (50 W) and 5 minutes of active range of motion exercises of subsequently involved muscles [19] . The assessments were carried out in the Biomechanics Laboratory from 1:00 p.m.
until 6:00 p.m., at an average temperature of 23±1°C and relative humidity of 60±4.5% [20] . Testing was performed in a seated position, with the back rest of the chair set at 85° ( Figure 1 ). The participants were secured to the chair by two straps across the chest and a single strap at the abdomen and distal thigh of the tested limb in order to avoid compensations [7, 21] . Knee range of motion (ROM) was set at 95° with 0° indicating full knee extension. Adequate familiarization with the dynamometer was provided in the form of further warm-up isokinetic repetitions at various angular velocities.
Specifically, the familiarization protocol included 15 continuous repetitions at a self-perceived low effort level. This was followed by three repetitions at a self-perceived medium effort level, and 2-3 practice sets consisting of 2-3 maximal repetitions [7] . Following 3-5 min of passive rest, the participants performed 1 set of 5 maximal repetitions of concentric knee extension and flexion at 60°/s [22] .The choice of this angular velocity was based on previous investigations that described the typical isokinetic curve shapes for the knee extensors and flexors [1, 23] . Testing was performed and data further analysed by two different examiners, each with about 20 years of experience in isokinetic assessment.
Outcome measures IMC qualitative analysis
Isokinetic moment curves (IMCs) of both extensor and flexor muscles were qualitatively analysed through visual inspection. Firstly, the output data were exported from the Biodex software as cvs. files and opened in an Excel spreadsheet (Microsoft Excel). Then, the curves were normalized to peak moment prior to presentation to the exam- One week after the first evaluation, both examiners were required to perform a second round of evaluation in order to assess the intra-tester and inter-tester reliability of the qualitative analysis of the IMCs.
IMC quantitative analysis
The following IMC quantitative parameters for both extensor and flexor muscles were analysed [1, 8, 16] : # indicates significant differences in the comparisons between the involved and the uninvolved leg of the injured group with p ≤ 0.05; ᵟ indicates significant differences in the comparisons with the involved leg of the MM pathology with p ≤ 0.05. (Table 2) .
Conversely, the isolated MM tear differentiated from the previous injuries in the absence of the "Shaking" pattern during the knee extensor IMC development. In addition to the above qualitativeanalysis findings, between-groups ANOVA showed significant differences for the extensor inter-limb difference and variability when comparing control vs. ACL + MM and MM. As for the IMCs of knee flexor muscles, only isolated ACL and ACL+MM injuries were as- 
Statistical analysis
The IMCs qualitative parameters are reported in Table 2 and presented as distribution percentages. All the IMC quantitative measures, reported in Table 3 , are presented as means ± standard deviation (SD). For inter-tester and intra-tester reliability, Cohen's kappa coefficient (ĸ) with 90% confidence interval (CI) was calculated. According to Landis et al. [25] , Table 2 . Betweengroup comparison showed no significant differences for the IMC patterns between the uninvolved leg of the injured group and both legs of the control group. The comparison of irregularities occurring in the IMC patterns between the involved and uninvolved legs of the injured group showed significant differences, as shown in Table 2 (p<0.05). Similarly, significant differences between the occurrence Biology of Sport, Vol. 35 No1, 2018 89
RESULTS
Classification of abnormal IMCs associated with the injured knees
Isokinetic knee moment curve abnormalities sociated with "Shaking" pattern irregularities when compared with the uninvolved contralateral leg of the injured group and both legs of the control group. However, between-group post-hoc analysis showed no significant differences for flexor inter-limb difference when comparing the control with all groups (Table 3) . This point could be attributed to unaltered flexion phase functionality due to either the ACL + MM or isolated MM knee injuries [9] . Conversely, significant differences were found between the control group and all groups in terms of variability (Table 3) . These outputs are in accordance with the results of previous studies suggesting that the variation in consistency of normal IMC patterns and quantitative scores was a consequence of knee biomechanical modification and/or neurophysiological dysfunction [1, 16] . (Table 2) . From a mechanical perspective, such differences in the IMC irregularities may have been caused by excessive laxity of the ACL deficient knee [26, 27] , as well as by the anterior subluxation of the tibia at midrange during maximum knee extensions [8, 12] . It is well known that open kinetic chain (OKC) knee extension is produced by isolated contraction of the quadriceps, which results in anterior translation of the tibia. Palmitier et al. [28] developed a biomechanical model demonstrating the forces produced at the tibio-femoral joint during OKC extension, deducing that the resultant force on the knee can be resolved into a compressive component and a shear component. When the resistance is applied perpendicular to the distal aspect of the leg, as occurring during OKC exercises, a posterior shear of the femur is produced. In this scenario, the ACL provides 85% of the restraining force to this anterior tibial shear [29] , especially during the last 45° of knee extension.
Thus, exercises performed in this range could stretch secondary restraints in an ACL-deficient knee, resulting in dysfunctional extensor muscles' IMC outputs. As for the flexor muscles' IMC analysis, the concomitant presence of "Shaking" patterns and torque variability (Table 3) A direct neuromuscular link exists in humans between the sensory nerves of the ACL and all the muscles around the knee [31] . Briefly, receptors of the Golgi, Pacinian, Ruffini, and bare ending types of the knee ligaments mediate their afferent signals, and it is evident that these nerves exhibit vigorous discharge activity upon loading of the ligaments, thus provoking subsequent muscular activity responses [31, 32] . This neuromuscular reflex has been proven to be directly protective for the ACLs during excessive stress in all conditions, and may primarily be of importance for the functional stability of the knee. It is clear that preservation of joint stability is an important function of muscular co-activation, which provides the joint with some measure of stability in addition to the role of the ligaments. As consequence, it is reasonable that the failure to elicit the reflex creates an unfavourable background where the agonist muscle activation results are significantly inhibited or in latency [26, 33] , while antagonist muscle co-activation [30, 34] seems to increase in amplitude and duration [35, 36] . Even with the same joint configuration, the net mechanical effect of different loading conditions requires that the central nervous system adjust the strategy accordingly [37] . These neuromuscular adaptations, in combination with the aforementioned alterations to the biomechanics of the joint, induce changes to the sensory feedback originating from the mechanoreceptors in and around the knee [15, 36] . This in turn may compromise the coordination of muscles crossing the knee, and may present a possible reason for decreased smoothness of the torque-time curve pattern during maximal knee extension-flexion [16] .
Finally, a possible explanation for the absence of pattern irregularities in the flexor muscles' IMCs of MM knees may be attributable to the specific biomechanical demands upon the medial meniscus during knee flexion tasks. It is known that one of the major meniscal functions is to distribute stress across the knee, thus providing shock absorption and serving as secondary joint stabilizers [38] . Different authors have used numerical techniques to analyse the distribution include specific IMC shape abnormalities and asymmetrical isokinetic measures which can differentiate MM tears from ACL tears and from normal knees. These findings suggest that different knee pathologies may be associated with different qualitative IMCs, which could be used as an additional presentation tool in clinical settings.
